14. On RLP2 complexation, the indole NH proton of Wl18 could not be detected in the NMR spectra obtained in H20. This attenuation in intensity is probably not caused by rapid exchange of the NH proton, but instead may be attributed to slow conformational averaging that results in line broadening. The HSQC spectra of both complexes showed that the 15N-1H correlations of other amide protons at the binding site also have severely attenuated intensities and broadened line widths. In the HSQC spectrum taken with the PLR1 -SH3 complex, the 15 N_ 1H cross-peak of the indole NH of W118 appeared as a weak signal with broadened line width. 15 . Structures calculated with the salt bridge restraints are consistent with the experimental data and show good geometry. 16. The D99N mutant was constructed by mutagenesis using polyme/tase chain reaction according to the megaprimer method [G. Sarker and S. S. Sommet, BioTechniques 8, 404 (1990) ]. Procedures for the expression and purification of the mutant were similar to those described for the wildtype SH3 domain (12) . The D99N mutant protein was correctly folded as shown by a 2D NOESY spectrum. 17. Mutating each of the last two residues of RLP2 to alanine had only a small effect on binding affinity. 18. The significance of a PXXP motif in SH3-1igand recognition was first recognized and brought to our attention by D. Baltimore and colleagues. 19. R. Ren, B. J. Mayer, P. Cicchetti, D. Baltimore, Sci- ence 259, 1157 (1993) . 20. In both binding orientations, the two critical prolines of the XPpXP motif intercalate into the binding site primarily via the y and ,5 methylenes of the proline rings (Fig. 4A ), whereas the first and fourth prolines in the PXpPX sequence would interact with the binding site mainly via the p and ~ proline methylenes (Fig. 4B) . This observation provides an alternative mnemonic device to facilitate the identification of important prolines in an SH3-binding polyproline helix. 21. The affinities of these two PX peptides for D99N SH3 were further decreased, suggesting that the two peptides bind in the expected orientations. 22. SH3-binding sequences from Btk and CDC42 GAP (guanosine triphosphatase activating protein) have lysine at the X 1 site ( T r a n s g e n i c t o b a c c o and Arabidopsis thaliana e x p r e s s i n g t h e bacterial e n z y m e salicylate h y d r o x y l a s e c a n n o t a c c u m u l a t e salicylic acid (SA). This d e f e c t not only m a k e s the p l a n t s unable t o i n d u c e s y s t e m i c a c q u i r e d r e s i s t a n c e , but also leads to i n c r e a s e d s u s c e p t i b i l i t y to viral, fungal, a n d bacterial p a t h o g e n s . The e n h a n c e d susceptibility e x t e n d s e v e n t o h o s t -p a t h o g e n c o m b i n a t i o n s t h a t w o u l d n o r m a l l y result in g e n e t i c resistance. T h e r e f o r e , S A a c c u m u l a t i o n is essential for e x p r e s s i o n of m u l t i p l e m o d e s of plant d i s e a s e resistance.
Plants have evolved complex, integrated defense mechanisms against disease that include preformed physical and chemical barriers, as well as inducible defenses such as the production of antimicrobial compounds, enhanced strengthening of cell walls, and the production of various antifungal proteins (1) . Together, these systems form an effective defense against infection, with disease resulting as a rare outcome in the spectrum of plant-microbe interactions. Infectious disease can result when a pathogen is able to overcome the defense processes of a host plant by either actively suppressing or outcompeting them. The ability of a plant to respond to an infection is determined by genetic traits in both the host and pathogen. Many plant resistance (R) genes recognize pathogen molecules resulting from the expression of so-called avirulence (avr) genes (2). This interaction often triggers a signal transduction cascade leading to a rapid, hostcell collapse at the site of infection called the hypersensitive reaction (HR) (3 quires the accumulation of SA for its expression (4, 5) .
The inability to express SAR in NahG tobacco was also accompanied by larger tobacco mosaic virus (TMV) lesions in these plants than in wild-type (Xanthi) plants (Fig. l) . Eventually, TMV lesions expanded from the leaf to the stem on infected NahG plants. Stem dissection showed that all tissues, including the vascular tissue, had undergone necrosis, which was associated with the presence of viral RNA as determined by RNA hybridization experiments (6). Stem necrosis was observed consistently in NahG plants, but not in Xanthi plants. Interestingly, the virus moved virtually unchecked in a cell-to-cell manner, but did not gain access to the phloem and move systemically as it would have in genetically susceptible tobacco plants (7) .
To determine if increased disease susceptibility was a general feature of NahG plants, we evaluated the development of disease symptoms caused by bacterial and fungal pathogens. NahG plants showed more severe disease symptoms than wild-type plants when inoculated with Pseudomonas syringae pv. tabaci, Phytophthora parasitica, or Cercospora nicotianae (Table 1) . Arabidopsis thaliana ecotype Columbia (Col-0) plants that express the nahG gene (8) also showed enhanced susceptibility to pathogens. The bacterial pathogen P. syringae pv. tomato DC3000 (DC3000) is virulent on Col-0 plants and causes symptoms resembling the bacterial speck disease of tomato (9) . On Col-0 plants, DC3000 caused the formation of small, chlorotic spots on inoculated leaves that were associated with an increase of four to five orders of magnitude in bacterial titer over 5 days (Fig. 2A) . However, 
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.% when nahG-expressing plants were inoculated with DC3000, the bacterial titer was 10 to 50 times greater than that seen in nontransgenic controls (Fig. 2A) ; the increased growth was accompanied by severe disease symptoms (Fig. 2B) . Pseudomonas syringae pv. maculicola strains ES4326 and m4 (10) also caused more severe disease symptoms on NahG plants (6).
Days after inoculation
The bacterial avirulence gene avrRpt2 is recognized by Col-O plants through a single dominant resistance gene, Rpt2 (9) . This pathogen-host combination leads to the reduction of bacterial growth in plants and disease symptoms associated with the HR. After inoculation of Col-0 plants with DC3000 harboring the avrRpt2 gene, only a 50-to lO0-fold increase in bacterial titer was observed ( Fig. 2A) . In contrast, NahG plants supported the growth of DC3000 (avrRpt2) to four to five orders of magnitude ( Fig. 2A) , which was accompanied by severe disease symptoms (Fig. 2B) (Fig. 3A) (12) . Transgenic
Col-O(nahG) plants exhibited much greater susceptibility to Noco than wild-type Col-O did, leading to heavy production of conidia and oospores (Fig. 3B) (13) . The Wela race of P. parasitica is not virulent on Col-O plants (Fig. 3C) , because of a single R gene that triggers a HR upon infection (12) . However, after infection with Wela, Col-O(nahG) plants supported growth of this fungal isolate, resulting in severe disease symptoms and production of abundant hyphae, conidia, and oospores (Fig. 3D) . By 3 weeks after inoculation with Wela, NahG plants completely succumbed to the pathogen, which we never see with this ArabidopsisPeronospora interaction. Col-0(nahG) plants were also susceptible to another P. parasitica race called Emwa (6) to which wild-type Col-0 plants have genetic resistance, encoded by an independent R gene (12) . These results indicate that expression of nahG suppressed the action of R genes that confer resistance to both races of P. parasitica. (14, 15) .
Treatment of NahG plants with INA before Wela inoculation restored resistance against this pathogen and therefore reversed the effect of the nahG gene (Fig. 3E) (15) . This result demonstrates that the signal transduction mechanism required for genetically determined disease resistance was intact in NahG plants, but failed to function because of the action of salicylate hydroxylase. After pathogen infection, SAR genes are expressed both at the site of infection and at later times in uninfected tissues (•6 (Fig. 4) . Similar suppression of gene expression in NahG plants was observed after Noco infection (6) . INA pretreatment induced the expression of PR-1 (Fig. 4) , PR-4, and PR-5 (6) in NahG plants and resistance to P. parasitica (Fig. 3E) Expression of the nahG gene in plants produces a phenotype of enhanced disease susceptibility and suppression of genetic resistance. We suggest that resistance and susceptibility lie toward the ends of a continuum of host responses to infection. Addition of SA or its functional analog INA can convert a susceptible response into a resistant one. Conversely, substantially decreasing s a concentration can convert interactions that normally result in resistance into susceptible ones. This modulation of the outcome in host-pathogen interactions may be due to either a direct effect of SA itself or to other SA-dependent cellular processes.
Interestingly, similar phenomena have been described in mammalian immune system disorders (•9). In these cases, a breakdown in signal transduction pathways that modulate disease responses leads to enhanced pathogen susceptibility. Thus, nahGdependent susceptibility in plants shares not only gross phenotypic but also mechanistic analogies with certain immune system defects in mammals. The pleiotropic phenotype of NahG plants suggests that common pathway components participate in multiple modes of disease resistance, including SAR and genetically determined resistance.
